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ABSTRACT

BasedonthestickＧslipprocess, aneffectivemethodtoextractthestressＧstraincurvedirectlyfromthe
crossheaddisplacementＧloadrawdataincompressionofbulkmetallicglasseswasproposed．Themethod
wastestedintwobulkmetallicglasssampleswithdifferentplasticitiesandshearbandmorphologies．The
extractedstressＧstraincurveswerefoundtowellresemblethestressＧstraincurvemeasuredbyalaserexＧ
tensometer．Inaddition,theextractedcurvecouldresolvefinestructuresofserratedflow muchbetter
thanthatmeasuredbyextensometer,thusfacilitatingthestudyofshearbandingprocess．Resultsobtained
bythismethodmadethestickＧslipdynamicsofshearbandingvalid,andthismethodcouldbeemployedto
obtaintherealstrainofsmallＧsizedmetallicglasssampleswhereextensometercannotbeapplied．

１Introduction
　Asaclassofamorphousmaterials,bulkmetallic
glasses (BMGs), whichpossessdisorderedatomic
structuresandattractiveproperties, haveabsorbed
considerableinterestsoverpastdecades[１Ｇ３] ．ComＧ
paredwiththeircrystallinecounterparts,superiormeＧ
chanicalpropertiesofBMGssuchashighstrength,
largeelasticlimitandexcellentwearresistancealso
attractmanyattentionscurrently[４Ｇ６] ．However,the
plasticdeformationofBMGsishighlylocalizedinto
nanoscaleshearbands[７] , whichispronetostrain
softeningandunstable[８,９] ．Thisoftenleadstothe
catastrophicfailureandthepoorductilityofBMGs．
Ingeneral, mostofBMGsusuallydisplayzerotenＧ
sileductility[１０] , whileundercompression,someBMGs
couldmanifestsomeplasticitybeforethefinalfracＧ
ture[１１,１２] ．Therefore,compressiontestisacommon
methodtoinvestigatetheplasticflowandshearbanＧ
dingbehaviorofBMGs．However, evenforcompresＧ
sion,recentstudieshaveshowedthattheshearstaＧ
bilityofBMGshasstrongsizedependence[１３,１４] ．
Largeandstableplasticityareoftenachievedin
smallsizedsamples．Incontrast,plasticBMGseven
becomecompletelybrittlewhenthesamplesizeis
large(typicallyexceed５mmindiameterwithanasＧ
pectratioof２∶１)．InordertoinvestigatetheplasＧ

ticflow andshearbandingprocess, compression
testsareoftenperformedwithsmallsizeBMGsamＧ
pleswithatypicaldiameterlessthan３mm[１５Ｇ１７] ．In
suchcases,aprecisemeasurementonthestrainof
samplesbecomesahardissuesincetheextensomeＧ
terisdifficulttobemountedinsmallsizesamples．
　Onceinitiated, ashearbandoftenproceedsina
stickＧslipmanner, whichismanifestedasserrated
flowbehaviorinstressＧstrainvs．timecurves[８,１８,１９] ．
Typicalserrationsarecharacterizedbytherepeated
cyclesofasuddenstressdroporfloweventfollowed
byaslowelasticreloading[２０] ．Thus,serratedflow
actuallyreflectstheintermittentprocessofplastic
flowin BMGs[２１,２２] ．Ononehand, thisbehavior
complicatestheunderstandingontheplasticflow
mechanisminBMGs;ontheotherhand,itprovides
auniqueopportunityforcharacterizationofthedyＧ
namicsofhighlylocalizedshearbands[２３] ．Inthis
way,theshearbandvelocity[２４,２５] , viscosity[２１] and
temperaturerise[２４] etc．,havebeendirectlyorindiＧ
rectlymeasuredduringthepropagationprocess．It
showsthattherealstrainofsamplescanbepreciseＧ
lyextractedfromthecrossheaddisplacementduring
compressionthroughthestickＧslipshearbanding
process．Thus,thecompressivestressＧstraincurve
canbeconstructeddirectlyfromthecrossheaddisＧ
placementandloadrawdatawithouttheextensomＧ
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eter．Themethodhasbeentestedandverifiedintwo
BMGsampleswithdistinctplasticityandshearband
morphologies．Themethodisparticularlyusefulto
obtainthestrainofsmallsizeBMGswheretheexＧ
tensometercannotbeapplied．

２．TheoreticalMethod
　ThedeformationprocessofaBMGsampleunder
compressionisschematicallyshowninFig１．The
sampleＧmachinesystem[２０] isloadedataconstant
externalratev０．Oncetheloadingstressreachesthe
yieldstrengthofBMG,ashearbandwillformand
subsequentlyproceedinastickＧslipmanneralonga
shearplane．Inthestickphase,theshearbandveＧ
locityv≪v０, andthusthedeformationcanbereＧ
gardedaselasticinnature; whileintheslipphase,
v≫v０andasuddenplasticeventoccurs[２１,２６] ．From
thissense,theelasticdeformationpartandtheplasＧ
ticflowpartcanberegardedtoappearalternatively
duringthestickＧslipdeformationprocess．Thereal
displacementorstrainofthesampleineachpartcan
beextractedseparately．Inthestickpart,theapplied
crossheaddisplacementΔxeisaccommodatedbythe
elasticdeformationofthesampleＧmachinesystem:
　　Δxe＝Δxe

S＋Δxe
M (１)

where,Δxe
SandΔxe

MaretheelasticdeformationdisＧ
placementofthesampleandmachine,respectively．
Asthesampleand machineareinseries, there

shouldhaveκMΔxe
M ＝κSΔxe

S withκM andκS being
themachinestiffnessandsamplestiffness,respecＧ
tively．SubstitutingthisrelationintoEq(１),theelasＧ
ticdisplacementofthesamplecanbeobtained:

　　Δxe
S＝

ΔxeκM

κM＋κS
＝

Δxe

１＋S
(２)

　　S＝κS/κM＝πd２E/(４LκM) (３)
where,SisaparameterthatcanbeobtainedbyEq(３);
andE,dandLareYoung′smodulus,diameterand
heightofthesample,respectively[１４,２７] ．Fortheslip
part,theslidingofshearbandwillcausetherelease
ofelasticenergyofthesystemandthusasudden
stressdropwilloccur．Thestressdrop magnitude
ΔσandtheverticalshearＧbandslidingdisplacement
(ortheplasticdisplacementofsample) Δxp

S have
thefollowingrelation[２５] :
　　－Δσ＝k(v０Δtp－Δxp

S) (４)
wherekistheelasticconstantofthesystem, which
canbedefinedask＝E/L(１＋S)[２０] ;andΔtpisthe
slipdurationforthestressdrop．From Eq(４),it
canbeobtained:
　　Δxp

S＝v０Δtp＋Δσ/k (５)
　AccordingtoEqs(２) and (５),therealelastic
andplasticsamplestrainforeachelasticloading
partandtheloaddroppartcanbeextractedrespecＧ
tively, throughoutthe wholecrossheaddisplaceＧ
mentＧloadcurve．Thus,therealstrainＧstresscurve
ofsamplecanbeconstructedwithoutapplyingtheexＧ

Fig１．　SchematicillustrationofmachineＧsamplesystemduringcompression (a),andstickＧslipdeformationprocessof
BMGs(b)．

tensometerinprinciple．

３．ResultsandDiscussion
　BMGalloyingotswithnominalcompositionof
Zr６５Cu１５Ni１０Al１０werepreparedbythearcmeltingof
mixturesofpureelementsinaTiＧgetteredargonatＧ
mosphere, and weresuckedintoacopper mould．
Differentcompressiveplasticityvaluesweredisplayed

withdifferentsamplesizes．GlassyrodswithdiameＧ
tersof１and２mmandlengthsof２０－５０mmwere
obtained．TheamorphousnatureofsampleswasexＧ
aminedbyXＧraydiffraction (XRD, PANalyticalX′
PertPRO) with CoＧKαradiationanddifferential
scanningcalorimetry (DSC, PerkinElmerDSC７)．
TheYoung′smodulusoftheBMGwasmeasuredby
acousticpulseechooverlapmethodwithaMATEC
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